r< 


I 


UNCI  ASS  IF1  EI)__; _ 

-I'nifiu  t  .  .nun 


noCUME.NT  CONTROL  DATA  .  K  &  D 


|  /  »  »i*.'  iv  *?  ’ftt*'.  i ttf  ■  / 

if  ■TtJ'iiA  -  Af  wi  ?'  *i 

!  -  VAl  MEDICAL  RESEARCH  INSTITUTE 
{  NATIONAL  NAVAL  MEDICAL  CENTER 
j  kEIHESM;  MARYLAND  20014 

I  ^ITSrr  t TT*r  ~~ 


‘i’t  't  Ks 


s  L  f’Cti  -  *  »  f  .**■;  f  v  ;  is  ',>31  f  ir  *  1  #f*ri 


UNCLASSIFIED 


e«ou.» 


THE  METABOLISM  0?  FAT  AND  CARBOHYDRATE  DURING  HEMORRHAGIC  SHOCK  IN  THE  UNANSSTHETIZED  j 
SUBHUMAN  PSIMATSJ  CHANGES  IN  &£R UM  LEVELS  OF  FREE  FATTY  ACIDS,  TOTAL  LIPIDS,  INSULIN j 
AND  GLUCOSE  '  { 


I*.  Cl  -  -VC  NO  (T%'pe  <»/  trport  .if*  w«f/ui*Pi;  */. 

}  Medical  reseatin  ' progress  report 

Is  mtdJic  ffi-S*  tipm&i 


Arnold  G,  CORAN,  LCDR.-MC,  USNR,  Philip  E.  CRYEM,  LCDR,  MC,  USNR,  David  L.  HORWITZ, 
!'*  LCDR,  MC,  USNR,  and  Cliff r  rd  M.  HERMAN,  CDR,  KC,  USN 


I#-  (?jsTC 

j  *’  '‘lAACH  1973 

f  7  j||  ...  ^  . 

- cr «3Lti?ac  **  o«  Vo. 


5,  Sic  T  ?-;0  , 


t?*.  TO  ?  At  MO  OP  PA3£5 


J&,  NO.  Ofc' 


f>*.  ORSOiiiATCR'i  J5f.eOfiT  «UM#}C«I5J 

j  MR041. 20, 01-02S7.  Report  No.  41_ 


RtZrOR T  HO}S>  (At*y  I'taf  ,->!.=* r  «A sljHrfiri/  '-=  5 

fftis  feporn  _  “  -  '  -  c  > 


s&N  tYATfvufiT  -  .  *'  *  ' 

IIIIIS  DOCUMENT  HAS  BEfe?  APPROVED  FOR  PUBLIC  RELEASE  AMD  SALE*  ITS  DISTRIBUTION  IS 
UNLIMITED'.  '  .  ' 


i  -14  UlW-C t .MflS  »  AJf  Y  t  F’  £“ 


il^ONSOtflNC  K*^|T  Any  ACT*y*?¥ 
t  --  ■ 


SURGERY  St,  Louis,  VOL.  -  71,  NO.  3,  PAGES  -BUREAU  OF  MEDICINE  AND  SURGERY  (NAVY) 
65-4 70  .  ‘  -  WASHINGTON,  D.  C. 


*C '  . 

I'.'  adult  baboons  were  subjected  to  hemorrhagic  hypotension  tor  a  period  of  3-1/2 


f  ;f  Loots , 


...another  five  baboons  served  as  the  control  animals . 


Fne  animals  were  sttf* 


I  died  in  a  specially  designed  chair  while  fully  awake,  Durfng  the  period  of  hypecen-f  • 
j  sloix.  - the  cardiac  output  tieep, eased  significanilyvfron  3.2  -  0.4  to  0.9  -  0.2  L.  per  \ 
|  hs-inute,  and  she  arterial  lactate  rose' -from,  16,4  -  3*3  to  79.5  -  19,9  mg,  percent.  *  ♦ 
|  -51ar|y  sinutes  after  hemorrhage,,  the  serum_ insulin  had  railed  from  19.0  -  0.1  to  f 

|  ? , -•  0*  j  /An  per  tsllli liter ^.and  the  glueoSe  had  rise.i  ;to  a  peak  of  252  1  20  mg,  par-  j 

j ,  cent.  .JJespIte  the  development  of  hypoinsulinemia ,  no  statistically  significant  acute  | 
i  ohaage  in  the  mean  scrum,  free  fatty  acid  (FFA)  concentration  was  der.onscra table;  how- 1 
' ever ,  after  3-1/2  hours  the  mean  FFA  level  vss  352  percent  of  base  line  in  the  hypo-  f 
tensive  group  «..«  not  significantly  raised  In  the  control  anii&ale*  Possible  reasons  | 
.why  the  early  hemorrhagic  hypoinsulinemia  did  not  lead  to  the  .-expected  early  eieva-  | 
l;  cion,  in  the  FFA’s  are  discussed,  .  ,  ’  1 
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The  metabolism  of  fat  and  carbohydrate  during 


hemorrhagic  shock  in 
the  unanesthetized 
subhuman  primate: 
Changes  in  serum  levels 
of  free  fatty  acids,  total 
lipids,  insulin,  and 
glucose 

a 

^k_>"arlx>hydrate  and  fat  arc  the  major 
cellular  substrates  of  oxidative,  metabolism; 
therefore,  their  fate  during  hemorrhagic  Itv- 
jxrtension  is  important  to  the  understanding 
of  the  biochemistry  of  the  low  flow  state. 
Previous  work  from  this  and  other  labora¬ 
tories  lias  shown  that  septic  ami  hemorrhagic 
sltock  in  the  haboon  are  associated  with  hy¬ 
perglycemia  and  Itypoiusnlinriuia.'- 5- 11 
Other  studies  in  experimental  animals  and 
jtatirnts  have  emphasized  the  mobilization 
and  possible  elevation  of  serttin  free  fatty 
adds  during  stress  and  shock.’-  *• *■  15 

The  reiationsltip  between  carbohydrate 
rltangi-s  and  lipid  mobilization,  is  closely 
linked  in  the  normal  subject:  changes  in  this 
relationship  during  shock  may  la:  critical  in 
understanding  changes  in  cellular  mefaitolisui 
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and  the  possible  toxic  effects  of  elevations 
of  certain  lipid  moieties.  Most  of  tin:  previous 
work  in  this  area  has  lieen  carried  out  on 
anesthetized  dogs:  anesthesia  and  species 
variation  may  well  make  these  results  less 
applicable  to  the  clinical  situation.  Wc  have, 
therefore,  undertaken  the  study  of  the  rela¬ 
tionship  between  fat  and  carbohydrate  in 
tlie  awake  baboon  subjected  to  hemorrhagic, 
hyjiotension. 

MATERIALS  AND  METHODS 

Ten  adult  male  baboons  (Papio  tloyyutta). 
weighing  between  21  and  21*  kilograms,  were 
divided  into  two  grutijts  of  five  animals  racli. 
After  an  overnight  fast  of  10  to  12  Itotirs. 
each  animal  was  trant|tiilired  intramuscular¬ 
ly  with  !  -  ( 1  -pheny  Icyclohexyl ;  pijM'ridine 
hydrochloride  (Semylani.  1.0  mg.  jut  kilo¬ 
gram  of  body  vveiglit.  for  insertion  of  cathc- 
ters  four  hours  prior  to  the  start  of  rise 
experiment.  Polyethylene  catheters  were  in- 
•>ertetl  into  both  femoral  atterics  and  veins, 
and  one  venous  catheter  vvas  threaded  into 
the  central  jwsitipn.  Tire  animal  was  Then 
placed  in  a  sjtecially  designed  chair  and 
alknved  to  awaken,  (lire  arterial  and  one 
venous  catheter  were  connected  to  pressure 
tiansducers.  By  means  of  a  preamplifier  and' 
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Hit.  m.  Heart  rate  change*  in  contra!  ami  hemor¬ 
rhaged  liabooni.  MAP  stand*  for  the  mean  arterial 
pre**ure.  as  it  does  in  ait  other  figure*  in  whicii 
it  apjxar*  (mean  -  S.E.M.). 

a  multichannel  |>olygraph  with  ati  oscillo¬ 
scope,  pressures  were  continuously  monitored. 
Each  pressure  recording  system  was  cali- 
hrated  against  a  mercury  manometer  to 
insure  linearity  and  accuracy.  The  electro¬ 
cardiogram  was  also  monitored  continuously. 

After  base-line.  measurements  were  taken 
and  blood  samples  were  drawn,  hemorrhagic 
sliock  -was  induced  four  hoots  after  the 
liaboon  lutd  received  the  Seroylan:  at  this 
jioiiit.  the  atiituai  was  fully  awake.  Bkxxi  was 
removed  from  tlte  femoral  artery  catlietci 
into  a  sterile  bag  containing  nr id-cit rate- 
dextrose  (ACI)’i  solution.  Blood  was  re* 
moved  over  a  15  minute  period  so  that  the 
ttwan  arterial  pressure  would  lx-  reduced  to 
fiU  mm.  Hg.  'Iliis  piessure  was  maintained 
for  one  hour:  additional  blood  was  then 
removed  over  a  five-minute  |>eriod  until  the 
mean  arterial  pressure  was  45  mm.  Hg.  This 
final  pressure  was  maintained  for  3J4  hours 
In*  witlidtawal  of  more  blood  or  infusion  of 
some  of  the  sited  blood. 

Gatdisc  otit|iut  was  me.isttted  every  half 
Ikmit  during  the  ex|KTinn*M  with  the  use  of 
indocyaninr  green  and  a  densitometer  sys¬ 
tem.  A  known  amount  of  dye  was  injected 
into  the  central  venous  catheter  and  arterial 
ltkxxl  was  aspirated  for  dyt:  sampling  by 
mcans  of  a  vvitlidraveal  pump.  After  each 
deterinimitkHi.  tlie  blond  was  trinfttsd.  The 
calibr.itnm  factor  for  the  densitometer  was 
determined  during  the  lvnc-9iiic  tnvaotre- 
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Fig.  Hi.  Mean  arterial  |t<e**ule  change*  in  ii in¬ 
ti*  il  and  hemorrhaged  balromi*  imean  i  S.E.M.). 
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Fig.  1C.  Cardiac  output  change*  in  control  and 
hemorrhaged  lultnon*  (mean  *  S.E.M.). 

merit  and  at  tlie  et;d  of  the  study.  Arterial 
blood  was  drawn  every  3(1  minutes  for  the 
following  determinations:  pH.  Po:.  Pen., 
lactate,  hematocrit,  serum  free  fatty  acids, 
scrum  total  lipids,  serum  insulin,  and  scrum 
glucose. 

Arterial  pH  and  gases  vvete  measured  with 
tlie  pH  gas  analywr*  on  blixxl  which  was 
colhctod  anacroliictilly  in  hcjxirini/cd  glass 
syringes.  Arterial  lactate  was  determined  by 
tlie  cii/yine  inctliod.f  Chit*  to  two  milliliters 
of  arterial  bhxxl  was  immediately  drprotciit- 
ieetl  in  a  solution  of  |ierclihiric  aeirl  ami  the 
stijxrnat.int  was  siilHsxjiicnUy  atsaiwed. 
Capillary  rulies  and  a  micnx'entrifuge  i  ere 
used  to  ineastire  tin’  hematocrit.  For  the  hit 
analyses,  the- blond  san.,:le  was  iin,KrdL:*dy 
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Kid-  'iA.  Changes  in  arterial  pH  daring  licnmr- 
itiagic  slunk  in  the  baboon  (mean  t  S.E.M.l. 

centrifuged  and  tin-  scrum  was  immediately 
letiiovrd  and  frozen  for  subsequent  analysis. 
Free  fatty  aeids  were  analyzed  liy  the  colori- 
mettic  miermnethod  of  Mackenzie  and  co- 
workers.1'  A  colored  eoni|ilex  -is  formed  Inr- 
tween  the  free  fatty  aeids.  nranyl  ion.  atkl 
the  basic  dye.  Khodaininc  H;  this  complex  is 
then  measured  in  a  s|H*otroj>}iotomcliT.  Total 
lipids  were  measured  In*  the  colorimetric 
method  based  on  the  sulfo-pltosplto-vanillin 
reaction.5  St  rum  insulin  concentrations  were 
measured  hy  radioimmunoassay  with  the  use 
of  de.vtntn-coated  dtarcoal  to  separate  anti- 
ltody-hnuud  insulin  from  unlmuud  insulin.7 
Porcine  insulin  standards  were  used.  Semin 
glucose  levels  wete  measured  hy  the  fer- 
tieyauidc  tnrtftod  tin  a  dual-channel  Tech- 
nicoti  auto  analyzer. 

At  the  end  of  the  c.\|ieriuiciit.  one  control 
•miinal  ami  all  live  hied  animals  underwent 
att'ojtsy:  sections  of  lung.  liver,  and  pan¬ 
creas  were  removed  for  microscopic  study. 
The  mean,  standard  deviation.  and  staiHlard 
ertor  of  the  mean  were  calculated  for  all 
data:  the  statistical  significance  'was  deter¬ 
mined  with  the  Student's  t  test. 

RESULTS 

I  femodyiiamieaHy.  the  eonttol  animals 
showed  no  changes  in  heart  rate,  mean  ar¬ 
terial  pressure,  or  eardiac  outjntt  during  tin; 
experiments  ( Figs.  1 .4  ami  Iff),  Likewise, 
the  arterial  and  laetate  diet  w>t  change 
in  «he  control  animats  {Figs.  2.4  and  2 B). 
'llte  hematocrit  decreased  float  28  ±  a  to 
30  J  4  |.;*rcettt  (mean  ±  S.E.M.'  oxer  the 
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Fig.  2/J.  Changes  in  blood  lactate  let  el  timing 
hemorrhagic  slock  in  the  liabotm  (mean  -  S.K.M.). 

three  and  one-half  hour  jx-tiod.  hut  this 
tleetvase  was  not  statistically  significant  (p 
>  0.1 1.  In  the  hemorrhaged  animals,  the 
heart  rate  did  not  change  significantly  during 
the  exjtcritneni;  Itowever,  the  cardiac  output 
decreased  from  3.2  i  0.4  to  1.4  ±  0.4  I..  |»«:r 
minute  (p  <  0.02)  30  mititites  after  the 
onset  of  shook  (Fig.  1.4).  The  drop  in 
cardiac  output  continued  so  that  30  minutes 
after  the  animal  reached  a  mean  arterial 
pressure  of  4 ft  mm.  Hg,  the  output  was  0.9  £ 
0.2  (p  <  0.001 1.  At  the  end  of  3*4  limits, 
the  output  was  1.3  t  0.4  (p  <  0.01  j.  The 
arterial  pH  tended  to  fall  in  the  hied  aim 
mals:  however,  this  decline  was  never  statis¬ 
tically  significant  (Fig.  2t.  The  lactate  level 
shotted  a  significant  rise  30  minutes  after 
the  onset  of  sltoek  (p  <  0.05):  this  increase 
continued  throughout  the  experiment,  re¬ 
sulting  in  a  final  value  of  68.9  1  2H.6  mg. 
Jterrcnt  (p  <  0.05;  (Fig.  2i.  The  hemato¬ 
crit  decreased  significantly  throughout  the 
e\|ietiuict)t :  at  3(4  hours,  the  valtM*  hail 
fallen  from  38  i  2  to  26  ±  3  |ietvel»t  (p  < 
0.02 

Tite  control  animals  showed  no  change  in 
serum  glucose  or  serum  insulin  levels  during 
the  exjterimvnt.il  jk’ikhI  (Fig*  3,4  ami  3/1) . 
The  shocked  animals,  on  the  other  hand, 
si  towed  a  significant  hyperglyeauia  of  252  t 
20  mg.  (icfttiiKiO  fliTtnihs  after  tin;  onset  of 
slns'k  t  p  <  0.02).  "Ilte  serum  glucose  let  el 
in  tltesc  animals  returned  to  hasp  line  at  llte 
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Fit.  34.  Scrum  glucose  levels  in  control  and 
hemorrhaged  baboons  (mean  i  S.E.M'.}. 
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Ffc.  SB.  Serum  iruulin  levels  in  control  and 
hemorrhaged  baboons  (mean  ±  S.E.M. ). 

end  of  the  study.  Thirty  minutes  after 
hentorrirnge.  the  sennit  insulin  level  hud 
fallen  from  19.0  ±6.1  to  7.6  ±  0.8  p\J  |>cr 
milliliter,  significantly  lower  than  the  com¬ 
parable  control  value  (j»  <  0.02)  (Fig.  3). 
Scrum  total  lipids  did  not  change  in  the 
control  or  the  bled  animals  during  the 
ja'iituem  (Fig.  4).  Tlte  control  animals 
slowed  no  significant  change  in  scrum  free 
fatty  acids  (FFA) ;  however.  S/u  hours  after 
Itcmnrrhagr.  the  FFA  level  was  382  fierreatt 
of  base  line  (p  <  0.05)  in  tlte  shocked 
group,  although  no  significant  elevation  was 
seen  during  the  early  hypotensive  period 
(Fig.  5). 

There  were  no  significant  gross  or  micro¬ 
scopic  changes  in  tlte  tissues  from  the  con* 
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Fke.  4.  Scrum  total  lipids  during  hemorrhagic 
sb<>ck  in  the  balxMin  (mean  ±  S.E.M.}. 
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Ffc.  3.  Scrum  fret-  fatty  arid*  in  control  and 
hrmotrhagcd  balusui*.  Percent  chance  from  base 
line  (mean  t  S.E.M.). 

trol  and  bled  animals.  Of  importance  is  the 
fact  that  no  increased  fat  deposition  was 
seen  in  die  liver  or  lungs  of  the  hemorrhaged 
animals. 

DISCUSSION 

The  shock  model  used  in  the  present 
studies  causes  a  severe  hemodynamic  and 
metabolic  insult  to  the  animals,  as  evidenced 
by  ttie  marked  decrease*  in  cardiac  output 
and  the  significant  elevation  in  blood  lactates. 
This  model  results  in  100  percent  mortality 
rate  if  the  animal  is  not  treated.  Hypoin- 
suliitemia  along  with  hyperglycemia  ha*  been 
demonstrated  in  the  hemorrhaged  baboon  by 
Moss  and  colleagues’*  ami  in  the  septic 
baboon  by  Cryer  and  co-workers.*- The 
relationship  of  these  findings  to  changes  in 
lipid  metabolism,  however,  was  not  investi¬ 
gated. 

-  Most  of  tlte  investigations  carried  out  on 
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tilt;  effect  of  shock  on  serum  FFA's  and  tri¬ 
glycerides  have  shown  conflicting  results. 
Farago  and  colleagues*  demonstrated  a  dc- 
crease  in  strum  FFA’s  during  hemorrhagic 
shock  in  the  dog.  Groves  and  co-workers*1 
and  Kovack  and  colleagues*  showed  no 
change  in  FFA  levels  during  hemorrhagic 
and  septic  shock  in  she  dog.  On- the  other 
hand.  Carlson’  showed  that  norepinephrine 
iniusion  led  to  fatty  acid  elevation  in  the 
serum  of  dogs,  and  Skitlman  and  colleagues’ - 
demonstrated  that  a  15  percent  bleed  in 
normal  humans  led  to  a  significant  elevation 
of  the  level  of  the  serum  FFA's.  Likewise. 
Mays1"  has  shown  that  surgical  trauma 
causes  a  significant  elevation  of  sennit  FFA's. 
Our  studies  show  that  tin;  severe  stress  of 
our  hemorrhagic  shock  model  causes  an  ele¬ 
vation  of  FFA’s.  hut  this  rise  becomes 
significant  only  3)4  hours  after  hemorrhage. 
One  of  the  problems  in  studying  the  tin- 
anestheti/cd  animal  is  the  major  degree  of 
stress  the  baboon  is  subjected  to  itefon:  any 
shock  is  induced.  This  is  reflected  in  the  high 
base-line  values  of  FFA's  in  the  rmitrol  and 
shocked  animals  (1.61  t  0.47  and  1.85  i  0.68 
mEtj.  |K-r  liter),  'lias  stress  also  leads  to  a 
wide  scatter  in  the  data,  making  it  difficult 
to  demonstrate  significant  changes  with  small 
numbers  of  animals.  The  high  base  line  of 
the  FFA’s  was  also  seen  in  the  study  by 
Skillmnn  and  colleagues’-  on  normal  human 
volunteers,  who  were  obviously  stressed  while 
various  procedures  were  lieing  carried  out  to 
perform  the  study:  the  initial  values  in  their 
study  were  1.56  inEq.  jier  liter,  a  value  much 
higher  titan  the  normal  levels  in  humans. 
Other  factors,  which  may  totally  or  jtartially 
account  for  the  lack,  of  a  statistically  signifi¬ 
cant  early  rise  in  FFA's  secondary  to  tin; 
early  fail  in  serum  insulin,  are  ( 1 1  a  balanced 
increase  in  FFA  mobilization  and  FFA 
utilization  during  Itciiiorrhage  and  (2)  ntpid 
physiologic  fluctuations  in  sennit  FFA  levels 
which  obscure  small  elevations  during  shock. 
In  addition,  the  Lite  rise  of  FFA's  during 
hemorrhagic  bvjiojrtision  may  reflect  dimin¬ 
ished  FFA  clearance  due  to  decreased  jter- 
fttsion  of  inctaltolically  actt'.e  tissues. 
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present  study  would  preclude  any  possibility 
of  detecting  changes  in  total  serum  lipids, 
since  changes  in  total  iipids  usually  take 
several  hours  to  days  to  occur.  Groves  and 
co-workers*1  found  that  the  srmm  triglyc¬ 
erides  rose  in  hacteremic  dogs;  however, 
they  do  not  state  at  what  time  during  the 
shock  jteriod  this  occurred  (they  studied  their 
animals  for  24  to  72  hours  after  the  onset  of 
shock). 

SUMMARY 

Five  adult  balKxms  were  subjected  to 
hemorrhagic  hyjtotcnsion  for  a  jteriod  of  [\/3 
hours,  and  another  five  baboons  served  as  tin; 
control  animals.  The  animals  were  studied 
in  a  s[k-(  tally  designed  chait  while  fully 
awake.  During  the  jteriod  of  hyjtotension. 
the  cardiac  output  decreased  significantly 
from  3.2  ±  0.4  to  0.9  ±  0.2  I-  jter  minute. 
a«.  \  the  atterial  lactate  rose  from  16.4  ±  3.3 
to  79,5  ±  19.9  nig.  jiercent.  Thirty  minutes 
after  hemorrhage,  the  scrum  insulin  had 
fallen  from  19.0  ±  0.1  to  7.6  ±  0.8  /«U  jier 
milliliter,  and  the  glucose  had  risen  to  a  jteak 
of  252  ±  20  mg.  percent.  Despite  the  develop¬ 
ment  of  hypoinsulinciuia,  no  statistieallv 
signifieaut  acute  change  in  the  mean  serum 
free  fatly  acid  (FFA*  concentration  was 
demmistratable:  however,  after  3J4  hours  the 
mean  FFA  level  was  382  jiercent  of  base  line 
in  the  hyjtotensive  group  and  not  significantly 
raised  i.<  die  control  animals.  Possible  rea¬ 
sons  why  the  early  hemorrhagic  hyjtoitisuli- 
nentia  did  twit  le.nl  to  the  cNjieeted  early  ele¬ 
vation  in  the  FFA's  are  discussed. 
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